Abstract
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In this work, appropriate management practices for crop production under the variable 32 climate conditions of the Mediterranean region, in particular rainfall, were tested with 33 the use of a modelling system applied to long-term (i.e. 18 years) field data. The 34 calibration of the CropSyst model was performed using data collected from 1996 to 35 1999 at three different Mediterranean locations (i.e., HYP-Guissona, MYP-Agramunt 36 and LYP-Candasnos, i.e. high, medium and low yield potential, respectively) within a 37 degree of yield potential. The model simulated reasonably well barley growth and yield 38 to different tillage and N fertilization strategies. 39 Simulations of barley performance over 50 years with generated weather data showed 40 that yields were often greater and never smaller under no-tillage compared to 41 conventional tillage with a mean increase of 36%, 63% and 18% for HYP-Guissona, 42 MYP-Agramunt and LYP-Candasnos. In MYP-Agramunt, the long-term data showed a 43 40% increase in grain yields when using no-tillage compared to conventional tillage, as 44 an average of 18 years. 45 The model also predicted that greater N applications in no-tillage were appropriate to 46 take advantage of additional water supply. Taking into account the limited amount of 47
Introduction
63
In the semiarid Mediterranean region of the Ebro river valley (northeast Spain), 64 dryland agriculture is based on continuous cropping of winter cereals (mainly barley and 65 wheat). In these areas, rainfall is usually low and erratic with significant high 66 evapotranspiration rates. These typical climate characteristics constrain crop 67 productivity due to the shortage of available water during prolonged periods (Austin et 68 al. 1998; Ryan et al. 2006 ). Consequently, attending to these highly variable climatic 69 conditions, it is difficult to recommend suitable agronomic strategies (Stewart and yield through the harvest index that is responsive to water stress.
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The model was parameterized using the published data in Cantero-Martínez et al. yield, respectively (Table 3) . In general, the CropSyst model simulated reasonably well crop yield ( 
Long-term simulation
280
The results of 50-year simulation with CropSyst showed differences in crop yield 281 and water use among tillage systems and N fertilization rates (Fig. 4) .
282
At the HYP site, for any level of water used, higher crop yields were simulated in 283 NT than in CT (Fig. 4) . The predicted average yield was 37% higher under NT than fertilization in NT and also the probability of exceeding a given yield was always 294 greater for NT (Fig. 6) . At LYP location, simulated water use by the crop was low with 295 predicted values ranging between 100 and 300 mm. The low water use predicted by the 296 model resulted in low crop yields with a null probability of obtaining more than 1.75 t 297 ha -1 (Fig. 6) . At this location, the two tillage treatments did not differ significantly on 298 water use (Fig. 4) . Simulated average yield was 18% higher under NT than under CT, 299 and there was no response to N fertilization under either tillage system (Fig. 5) . The 300 expected yield with 50% probability was about 0.6 t ha -1 in CT and 0.75 t ha -1 in NT 301 (Fig. 6 ). The unfertilized condition showed the highest probability of obtaining a given 302 yield because of the strong drought conditions at this location.
303
Simulated crop water-use efficiency followed the same pattern since high crop 304 yields were related to high WUE (Fig. 7) . Simulated WUE ranged between 6 and 9 kg 305 ha -1 mm -1 at HYP, 4 and 12 kg ha -1 mm -1 at MYP and 3 and 3.5 kg ha -1 mm -1 at LYP.
306
Greater WUE was simulated in NT because of the lower evaporation/transpiration ratio. conditions were overestimated at HYP in CT and when crop stress due to pest attack at 332 LYP in NT was not predicted by the model (Fig. 3) . Furthermore, at MYP, fungi average simulated yield was 30% higher than that observed.
341
At the HYP site, the simulated average yield for the first two years was 3342 kg ha -342 1 (average of all treatments), slightly lower than the obtained 3500 kg ha -1 (Fig. 3) . Comparison of yield cumulative probability curves between the 50-years simulation 359 and 18-years observed data in MYP suggests a very good model performance (Fig. 8) . 
Soil management approach for these conditions
369
The agreement between simulated and observed data was better for NT than for CT.
370
The difference between tillage systems was more apparent when analysing the effect of Unlike tillage system, differences among N fertilization rates were more dependent 443 on the climate conditions of the year. In very dry years, with less potential for crop 444 production, the probability of obtaining better yield is slightly greater for 0 N. However, 445 in years with more available water the probability of achieving 3 t ha -1 is only 4% with Moreover, the model was not designed to predict the incidence of pests and diseases and 474 for this reason it was not able to simulate yield reductions under these circumstances.
475
The application of the model to generate long-term series of output variables such as Table 3 
